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ArcGIS » An Integrated Web GIS Platform
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i @ O

®
'lo dentity
n n Security

Web GIS

Access

Providing Mappijngi-
Management, aqd

Geoinformation
. Model

é.’ Services
V'
Server Online Content
and Services
| Available on the Open Web . . .
‘ ... and On-Premises

A



ArcGIS Industries » Connects people with maps, data and apps
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ArcGIS Development » Trends in Capabilities

CAPABILITIES

L

ArcGIS 9.2 ArcGIS 9.3 ArcGIS 10 ArcGIS 10.2  ArcGIS 10.3  ArcGIS 10.4

—==|magery = ===Scientific Data ~==Real-Time Sensors (Streaming and Events)
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Future

ArcGIS is Evolving as a Remote
Sensing Software Platform

v' Sensor Support
EO, RADAR, LiDAR, FMV,...

v" >80 Formats
HDF, NetCDF, GRIB, NITF

v" Image Processing
v' Distributed Data & Analytics
v" Management and Dissemination

v" Web Services and Standards
WMS, WCS, KML,...
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Scientific Multidimensional Data
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- Stored in netCDF, GRIB, and HDF formats
- Multidimensional

- Ocean data

Sea temperature, salinity, ocean current
- Weather data

Temperature, humidity, wind
- Land

Soil moisture, NDVI, land cover
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Scientific Data in ArcGIS - Vision




Challenges

Analyze
s
=20t &2%-
variety of formats portability integration
volume & velocity scalability standards

redundancy reproducibility accessibility




Geoinformation Model » Designed for Characteristics of Scientific Data

Variety

Industry Leading Vector
Management & Analytics

80+ Raster Formats

NetCDF GRIB1,2

40+ Commercial
Spaceborne & Airborne Sensors

Standards & Frameworks

Velocity

Data Ingest By Reference
On-the-Fly Analysis
Python for Automation
Streaming Events

ArcGIS for Server Elasticity

Volume

Manage Millions of Raster Datasets
in Mosaic Dataset

Dissemination

| Direct Access | Web Services

Aggregation

Spatial Temporal y Dimensional




Ingesting Scientific data in ArcGIS

Geoprocessing

Directly reads netCDF file using
Make NetCDF Raster Layer

© Make OPeNDAP Raster Layer =

Parameters | Enviro nts

Make NetCDF Feature Layer ArcToolbox
;@ Multidimension Tools

Make NetCDF Table View | Featureto NetCDF

%, Make NetCDF Feature Layer
w, Make NetCDF Raster Layer

5 -, Make NetCDF Table View
Ingest OPeNDAP Service A Rasterto NetCDF
- 40 : -y, Select by Dimension
Output dynamic multidimensional raster . Table to NetCDF
Support Sub-setting et
-

4

Scientific data formats are supported in mosaic dataset

Start Value
netCDF End Yalue
H D F alue ction Method

GRIB an @

-~

Make OPeNDAP Rast... (Completed) [2 A

Project ' Geoprocessing



CF Convention

Climate and ~orecast (C-) Convention
http://cf-pcmdi.linl.gov/

Initially developed for

 Climate and forecast data

« Atmosphere, surface and ocean model-generated data
« Also for observational datasets

« CF is now the most widely used conventions for geospatial netCDF
data. It has the best coordinate system handling.

Current version 1.6

fou can usefCompliance checker utility to check a netCDF file.
'n'rtc%f-ocmdi.llnl.cc Conformance/compliance;gbmker/
A




Changing Time Slice

Layer Properties

General | Source | Extent | Display | Symbology NetCDF | Time

Variable:

X Dimension:

Y Dimension:

Band Dimension:

Dimension Values:

Dimension
time

Value
12/31/1895

Ca

Cancel

Select by Dimension

Input Layer or Table

Precip X

Dimension Values (optional)

Dimension Value
time 12/31/1911

Value Selection Method (optional)
BY_VALUE

Environments... Show Help >>




What about Aggregation?

- Create a seamless multi-dimensional cube from
- files representing different regions

- files representing different time steps/slices

3iC ‘r-ﬁjsei supports'multiple files and variables, normalize time and depth
L :
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Multidimensional Mosaic Dataset

mosaic

mosaic dataset
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HDF spatially-indexed catalog
GRIB multi-resolution, multivariate, multidimensional
netCDF reduce storage redundancy & pixel resampling

raster pixels

d-aware rasters defines information products

on-demand processing

Representing riate collection of multidimensional rasters in ArcGIS
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Tabular View
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Scientific data support in Mosaic Dataset

Supports netCDF, HDF and GRIB
Spatial Aggregation
Temporal Aggregation
On-the-fly analysis

Serve as Multidimensional
Image Service

Map Service
WMS

Supports direct ingest
Eliminates data conversion

General Defaults

||m|nateS data pl’OCGSSIﬂg j [ LandSurfaceTemperature
—J- Jx Plus32
~ Improves workflow performance 5 s witliport
P, o8 - 2 2 —-Jx Multi oint0
b grvice oriented architecture & ok At




MODIS: Land Surface Temperature
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Using Scientific Data in ArcGIS

Behaves the same as any layer or table
Display

Same display tools for raster and feature layers will work on multi-
dimensional raster and feature layers.

Graphing
Driven by the table just like any other chart.

Animation
Multi-dimensional data can be animated through time dimension

Analysis Tools

Will work just like any other raster layer, feature layer, or table. (e.g.
create buffers around points, reproject rasters, query tables, etc.)



Visualization of Scientific Data

Slicing

Temporal animation using Time Slider

Dimensional animation using Range Slider REEEEE SRl st E 2

Predefined renderer
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Visualization of Raster as Vectors

New Vector Field renderer for raster
Supports U-V and Magnitude-direction
Dynamic thinning
On-the-fly vector calculation

Eliminates raster to feature conversion
Eliminates data processing

Improves,workflow performance
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Layer Properties

rce | Key Metadata | Extent | Display | Symbology | Mosaic | Status
Show:
Vector Field
Stretched
RGB Composite

Draws direction and magnitude as vector symbols

Input represents U and V components

Magnitude component: Image - Band_1

Direction component: Image - Band_2

Reference system: Geographic

Angle represents: “;‘To

Symbology settings

Symbol: Single Arrow v * Import...

Each symbol represents a tile of size: 500000 | | Meters v
Thinnig method: Vector Average

Min magnitude: 20 Min symbol size:
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Visualizing Land Surface Temperature in ArcGIS Pro

A_GIBS - Scenel
d nnomangp (Analysis and Geoprocessing Team) ~

MAP IMAGE SERVICE LAYER

MAP INSERT ANALYSIS VIEW EDIT SHARE TIME APPEARANCE D
- DD + DD ‘ Y \A ja‘ Attributes
8 N9 0 O B4

A
4 r =
NERZA U_J @A O
Select Select By Select By Infographics Measure Locate
v v &7 More ~

“¥ Bookmarks Basemap Add Add
- ~  Attributes Location
Inquiry Labeling

PROJECT

M AR
Explore
v v Data ~ Preset~

Clipboard Navigate [F] Layer Selection

Drawing Order
4 (B Scenel
3D Layers
4 2D Layers
[¥] World Reference
LST

Boundary

Footprint

4 [J] Image
Value

[¥] World Terrain Base

Mperjy)

304,365 ft 116.61W 3

119.48W




Spatial and Temporal Analysis

Hundreds of analytical tools available for raster, features, and table

Temporal Modeling
Looping and iteration in ModelBuilder and Python

Create Winter Minimum Temperature Time Series 1870 - 2099

Dengue - Aedes aegypti Exposure Model

Convert temperature from degree Kto C Project and clip




On-the-Fly Processing using Raster Functions

Several analytical functions are available out of the box

Functions are chained together to create complex model
Used to perform on-the-fly analysis

Extend analytical capability using Python Raster Function
Mosaic

General Defaults
Fields Indexes

:QJ LandSurfaceTemperature
=-Jx Plus32
= f Multiplylpoints
=) S Minus273
= Jx MultiplySFpoint02

Jx Mosaic Function




Python — Extending Analytical Capabilities

ArcToolbox

"5) ArcToolbox

= a Multidimension Supplemental Tools

* Describe Multidimensi

Supplemental tools : Get Variable Statistics T
3 " Get Variable Statistics | ArcToolbox
OPeNDAP to NetCDF \‘ Make NetCDF Regular - & r'.]EltI:EIF T|:||:|If1
: § Make NetCDF Station 2 Clip NetC ArcToolbox
Make NetCDF ReQUIar dellyl Layer \‘ ! Make NetCDF Trajectc 2 Get MNetC
. ; 3 ! Multidimensional Zon | |= Wind 5
Make NetCDF Station Point Layer § Multidimensional Zon % 5'_,.H |
: : ! OPeNDAP to NetCDF 2 W Tosp
Make NetCDF Trajectory Point Layer & @ Multidimension Tools 2 wind Re

Describe Multidimensional Dataset
Get Variable Statistics

Get Variable Statistics Over Dimension

e : g Canny Edge Detection
Multidimensional Zonal Statistics

© Input raster

Multidimensional Zonal Statistics As Table

Lower hysteresis threshold

http://blogs<«€sri.com/esri/arcqis/204.3/05/24/introducing-the-multidi

Upper hysteresis threshold

© Qutput edge polylines

Cancel Environments... Show Help >>

= a MNEXRAD Tools

-3

Download NEXRAD NetCDF File

: 2 Extract NEXRAD Rainfall To Points
=4

Generate Rainfall Statistics
Generaﬁg M@pinfall Statistics Table



Community Developed Tools

- Geoprocessing Resource Center
http://resources.arcgis.com/geoprocessing/

- Marine Geospatial
Ecology Tools (MGET)

- Developed at Duke Univ.

- Over 180 tools for import
management, and
analysis of marine data

http://mgel.env.duke.edu/mget

- Australian Navygools
(not publicly available)

Model coral larvae dispersal

Coral reef cover maps

Ocean ents data

A Bathymetry

SST
Chlorophyll

Map species biodiversity




Python Package: netCDF4-Python, SciPy

- netCDF4-python is included in 10.3/Pro

- Read and write netCDF file

- Conversion time values to date
- Multi-file aggregasion

- Compression

- SciPy

thon Raster Function
i df/workshops/2012/netcdf



Sharing / WMS Support (for multi-dimensions)

- Map Service (supports WMS)
- Makes maps available to the web.

- Image Service (supports WMS)
o Provides access to raster data through a web service.

- Geoprocessing Service
o Exposes the analytic capability of ArcGIS to the web.




Publishing a WMS on ArcGIS Server

Enable WMS capabilities on Service Editor or Manager

710c1afed8584h

Edit View Bookmarks Insert Selection Geoprocessing
[ New.. Ctrl+N
E%  Open.. Ctrl+0

Save Ctrl+S @ ArcGIS Server Manager

Save As... OGC Services KML Network Links Sharing
Save A Copy...

Add Data

€ @ hoque2008:6020

Editing: Site (root) > SampleWorldCities

General

Select and configure capabilities

Parameters

... Mapping (always enabled) WCs
Capabilities pping (always enabled) v
Pooling WMS Feature Access

Service Editor _
Processes Schematics Mobile Data Access

80 (admin) Service SampleWorldCities Caching Network Analysis Z KML

General Item Description WFS

Capabilities

Parameters Choose the capabilities you would like enabled for this service:

Capabilities
Mapping (always enabled)
Mapping A

Pooling
Feature Access

Processes [] Schematics

[] Mobile Data Access
[] Network Analysis
Item Description [ kML

[Jwrs

Caching




ArcGIS Online: The Living Atlas

2 Signin @esl’i'

Ready-to-Use Maps

ArcGIS includes a Living Atlas of the World with beautiful and authoritative
maps on thousands of topics. Explore maps and data from Esri and thousands
of other organizations and combine them with your own data to create new
maps and applications.

Wazrnling

o
£ syl

Community Maps




The Living Atlas

Imagery

Basemaps @

Demographics & Lifestyle
Earth Observations

ArcGIS Online includes a rich collection of earth observation maps and layers that describe our planet’s current conditions, from earthquakes and

Boundaries & Places

fires to severe weather and hurricanes, as well as changes over time. This includes a set of live feed layers featuring frequently updated data from

La n d Sca pe several sources, as well as scientific data presenting information on our planet, such as soil moisture and snowpack, over several years.

See all Living Atlas Earth Observations Maps

Community Maps

Transportation

@esrisy epon: . =%, - @l Responss
Urban SyStemS Severe Weather Web

Map Forecast

Live Stream Gauges USA Precipitation Snowfall Forecast Map Volcanoes

E&arth Observations

HistoricdVlaps



Services of Scientific Data

Online Imagery content that can be directly used:

MODIS data
o MODIS land cover 2000-2011
o MODIS Vegetation Analysis
o MODIS Greenland Sea Ice

Live NOAA wind service
NASA Global Land Data Assimilation (GLDS)

o Soil moisture

o Evapotranspiration

o Snow pack




NASA Global Imagery Browse Services (GIBS)

s+ EARTHDATA Data Discovery ~ DAACs ~ Community ~ Science Disciplines ~

= [ Earthdata Wiki Spaces ¥ Forums  Support Connect

Pages / Global Imagery Browse Services - GIBS @

Giobal Imagery Browse Geographic Information System (GIS) Usage
1B

Services - GIBS Created by Ryan Boller, last modified on Sep 29, 2015

A\ Blog Several GIS and imagery viewing tools support access to NASA's Global Imagery Browse Services (GIBS) via OGC Web Map Tile Service (WMTS) and Tiled Web Map Service (TWMS) protocols. Listed below is a set of these tools along with instructions

SPACE SHORTCUTS and screen captures to help import imagery into them.

) Available Imagery Products Please note: many existing GIS applications and the OGC WMTS specification do not currently handle time-varying imagery layers. We are actively working with OGC to address this issue. In the meantime, one of the simplest methods of importing GIBS

imagery into your GIS application is to use Worldview's "image capture" tool (camera icon in upper right) to export imagery as a GeoTIFF which can then be imported into your application
=) API for Developers

=) Map Library U
e ESRI ArcGIS/ArcMap
=) GIS Usage

ESRI ArcGIS Online
PAGE TREE

+ GIBS Available Imagery Products Intergraph Geospatial Portal
* GIBS API for Developers CartoDB

« Map Library Usage

SCISS Uniview
« Geographic Information System (GIS

Google Earth

Perceptive Pixel Client

No labels

Powered by Atlassian Confluence 5.8.14, Team Collaboration Software Report a bug Atlassian News

WAtlassian

<
&* Space tools ~




NASA Global Imagery Browse Services (GIBS)

ArcGIS Features Plans Gallery Map Scene Help

Daily Planet Imagery

This map shows imagery for the planet that is updated on a daily basis. It features the NASA MODIS imagery True Color band composition (Bands 1 4 3 | Red, Green, Blue) which
most accurately shows how we see the earth’s surface with our own eyes.

[FZ] Web Map by esri
Last Modified: August 21, 2015

Nasgau

(9 ratings, 18,293 views)
Sign in to rate this item.

Facebook Twitter

Description

This series of products from MODIS represents the only daily global composites available and is suitable for use at global and regional levels. This True Color band composition (Bands 1 4 3 | Red, Green, Blue) most
accurately shows how we see the earth’s surface with our own eyes. It is a natural looking image that is useful for land surface, oceanic and atmospheric analysis. There are four True Color products in total. For each satellite
(Aqua and Terra) there is a 250 meter corrected reflectance product and a 500 meter surface reflectance product. Although the resolution is coarser than other satellites, this allows for a global collection of imagery on a daily
basis, which is made available in near real-time. In contrast, Landsat needs 16 days to collect a global composite. Besides the maximum resolution difference. the surface and corrected reflectance products also differ in the

algorithm used for atmospheric correction.

NASA Global Imagery Browse Services (GIBS)

This image layer provides access to a subset of the NASA Global Imagery Browse Services (GIBS), which are a set of standard services to deliver global, full-resolution satellite imagery. The GIBS goal is to enable
interactive exploration of NASA's Earth imagery for a broad range of users. The purpose of this image layer, and the other GIBS image services hosted by Esri. is to enable convenient access to this beautiful and useful
satellite imagery for users of ArcGIS. The source data used by this image layer is a finished image; it is not recommended for quantitative analysis.

Several full resolution, global imagery products are built and served by GIBS in near real-time (usually within 3.5 hours of observation). These products are built from NASA Earth Observing System satellites data courtesy
of LANCE data providers and other sources. The MODIS instrument aboard Terra and Aqua satellites, the AIRS instrument aboard Aqua, and the OMI instrument aboard Aura are used as sources. Several of the MODIS

global products are made available on this Esri hosted service.

This image layer hosted by Esri provides direct access to one of the GIBS image products. The Esri servers do not store any of this data itself. Instead. for each received data request, multiple image tiles are retrieved from

GIBS, which are then processed and assembled into the proper image for the response. This processing takes place on-the-fly, for each and every request. This ensures that any update to the GIBS data is immediately

available in the Esri mosaic service.

Note on Time: The image service supporting this map is time enabled, but time has been disabled on this image layer so that the most recent imagery displays by default. If you would like to view imagery over time, you can
update the layer properties to enable time animation and configure time settings. The results can be saved in a web map to use later or share with others.




Corrected Reflectance in Map Viewer

ArcGIS v Daily Planet Imagery
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MODIS True Color - Terra Corrected
Reflectance

. Red: Band_1
. Green: Band_2
. Blue: Band_3
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Consuming Scientific Data Services

World Soil Moisture Application
Soil moisture data fi derived from NASA's GLDAS data product. Mean Monthly ft m NOAH model.

-

» Animation

v Graphing

ArcGIS Desktop/Pro/Server % N | -
Web Map Viewer
Web Applications
Story maps

Operational Dashboard

ArcGls - My Map
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Corrected Reflectance — Consumed in ArcGIS Desktop

[e] testmxd - ArcMap
File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help
<b - /1:4,000.000 vz (S]] §W=
k@ bl Eag el
Table Of Contents 7 x r
- §
== Layers
# O Reference
=] % opticalDepth
=0 Boundary
O
=0 Footprint
(]

=M Image
Value
™ High:0.939064

Low : -0.049084

# O Reference
= b4 Reference
® World Ocean Reference
= & MODIS
RGB
M Red: Band_1
I Green: Band_2
M Blue: Band_3
= LST2
=0 Boundary
O
=0 Footprint

=M Image
Value
™ High:326.301

Low : 240.192

= O Basemap
# O World Light Gray Canvas Base
= O Basemap

® World Dark Gray Canvas Base

72.762 31.117 Decimal Degrees



@esri Drought Tracker
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ArcGIS is a Scientific Collaboration Platform

(118

ArcGIS Online or on-premise Portal

Capability Format
C Choices Choices

Services Files

Dissemination with Choices
Rich Information Products
Analysis

Remote Sensing & Scientific Data

b







